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Abstract. Monthly precipitation data from the period of
1970 to 2004 from 38 meteorological stations in the Man-
taro river basin were used to classify the rainy seasons
(September–April) of each year into anomalously dry or
wet, and to determine the basin-wide extent of the anoma-
lies based on the Standardized Precipitation Index (SPI). The
wet periods mostly occurred in the early 1970’s and dur-
ing the first half of the 1980’s, except for the event that oc-
curred in the 1993/94 period which was the strongest and
most generalized in the analyzed period. The dry periods oc-
curred mostly during the second half of the 1980’s and the
1990’s. Consistent with this, a negative trend in precipita-
tion of 2% per decade was found for the rainy season, due
mainly to a stronger trend (−4%/decade) during the peak
phase (January–March).
Despite previously reported significant negative correla-
tions between El Nin˜o-Southern Oscillation (ENSO) and
rainfall during the peak of the rainfall season, the similar am-
plitude variability of precipitation during the onset phase of
the rainfall season (September–December), which is uncor-
related with ENSO, participate to the reduction of the ab-
solute correlation for the full rainfall season. Correlations
between rainfall in the Mantaro basin and sea surface tem-
perature (SST) in the tropical Atlantic are significant only
near the end of the rainy season, with more rain associated
with a weaker north-south difference in SST in the tropical
Atlantic.
1 Introduction
Precipitation is one of the most important climatological
variables in the Mantaro river basin (central Peruvian An-
des), due to its great importance in the economic activities of
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the basin, such as agriculture, energy generation, potable wa-
ter supply, etc. There are approximately 339.065 hectares of
agricultural land on the basin, 71% of which are unirrigated
and depends on precipitation, so droughts are the greatest cli-
matic hazard to agriculture in this region (IGP, 2005a; Mar-
tinez et al., 2006).
The main objective of this paper is to analyze the interan-
nual rainfall variability during the rainy season in the Man-
taro river basin, classifying years into wet or dry periods
and to determine the relationship between the precipitation
and the SST anomalies in the Pacific and Atlantic Oceans.
For this purpose, historical monthly precipitation time series,
from meteorological stations located on the basin, were an-
alyzed in order to identify the rainy and dry years based on
the Standardized Precipitation Index. Indices of Nin˜o events
and for the south and north tropical Atlantic variability were
also used.
2 Data and methodology
Monthly precipitation data of 38 meteorological stations for
the period 1970–2004 were used. The analysis was made
for the rainy season (September–April; see Fig. 1 for the an-
nual rainfall distribution in the basin), which was further di-
vided into onset (September–December) and peak (January–
March) phases. Additional analysis was done using monthly
data.
To determine the anomalously dry and wet rainy seasons,
the Standardized Precipitation Index (McKee et al., 1995;
Hayas et al., 1999) was used. The SPI for a given averaged
period of time is a normalized precipitation anomaly (the dif-
ference from the multi-annual mean, divided by the standard
deviation), assuming that the mean precipitation for the pe-
riod of analysis has a normal distribution. A drought event
is defined for each time scale as a period in which the SPI is
continuously negative and the SPI reaches a value of −1.0 or
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Fig. 1. Climatological monthly precipitation in the Mantaro basin
(mm/month, average of 38 stations) for the period 1971–2000.
less. The SPI is a very versatile index that allows identifying
dry and wet periods on different time scales. The intensity
of the rainy events can be also classified using the SPI val-
ues proposed by McKee et al. (1993). The SPI is used by
the National Drought Mitigation Center – USA for drought
monitoring and can also be used to identify and monitoring
dry or wet periods.
Dry and wet periods in the Mantaro basin, were defined
as such when at least 20% of the stations presented, respec-
tively, negative and positive values of SPI. The SPI were cal-
culated based on the climatology calculated over the period
1971–2000.
To analyze the relation between precipitation in the Man-
taro basin and the SST anomalies in the tropical Pacific and
Atlantic, the following SST indices were used: monthly
SST indices for standard Nin˜o regions indices provided
by NCEP/CDC, the North Tropical Atlantic index (NTA;
SST averaged in the composite region 6◦ N–18◦ N, 60◦ W–
20◦ W and 6◦ N–10◦ N, 20◦ W–10◦ W) and South Tropical
Atlantic index (STA; 18◦ S–6◦ S, 30◦ W–10◦ E) provided by
NOAA/ESRL. With respect to the precipitation data, the in-
dividual station data, as well as an average of all stations
available for each month, were used.
3 Results
3.1 Seasonal variability
The amplitude of the rainfall annual cycle is relatively large,
with maximum values occurring between January and March
and minima between June and July (Fig. 1). Significant pre-
cipitations start taking place in September, increase progres-
sively in the following months and decay abruptly in April.
For that reason, the most important agricultural activities in
the basin are developed between September and April, when
92% of the annual precipitation takes place, while almost
50% of the annual precipitation occurs in the peak phase and
35% falls in the onset phase. A more detailed description of
Fig. 2. Percent of stations in which the SPI for the rainy season is
equal or greater than 1 (wet period, clear bars) and where SPI is
equal or less than −1 (dry period, hatched bars).
Fig. 3. Rainy season SPI values, averaged for the 38 meteorological
stations in the Mantaro basin during 1960–2004. A long term linear
trend fit is also displayed (−0.11 per decade).
the spatial and temporal distribution of rainfall in the basin
can be found in IGP (2005c).
3.2 Interannual variability
The analysis of the rainy seasons (September to April) in
the period between 1970 and 2004 indicates that the fol-
lowing years were anomalously wet: 1972/73, 1973/74,
1980/81, 1981/82, 1983/84, 1985/86, 1993/94 and 2002/03
(see Fig. 2). Out of these, the periods 1993/94 and 1985/86
had the most widespread wet anomalies in the basin: 62%
and 55% of the stations registered precipitation above their
normal, respectively.
The dry periods identified between 1970 and 2004 are:
1976/77, 1979/80, 1986/87, 1989/90, 1990/91,1991/92 and
2003/04. The driest period took place from 1989 to 1993.
The seasons with the most widespread dry anomalies were
1991/1992 and 1989/90, when 86% and 68% of the stations
presented deficit of precipitation, respectively. The 91/92
drought in the Mantaro basin occurred during the moderate
1992 El Nin˜o event. However the other dry periods, as well
as the wet 93/94 period, took place during “neutral” year (i.e.
without significant ENSO anomalies).
The SPI time series for each station were also analyzed
and we found that after the years 1986–1987 the dry periods
became more frequent in almost 75% of the stations, leading
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Fig. 4. Percentage of the variance of the average precipitation in the
Mantaro basin explained (correlation coefficient squared) by differ-
ent SST indices: Nin˜o 4, Nin˜o 3, North Tropical Atlantic (NTA),
South Tropical Atlantic (STA) indices and the difference between
STA and NTA.
to a negative trend in SPI (Fig. 3). In general, the precipi-
tation trend observed during the last 40 years is negative in
the northern and central parts of the Mantaro basin, includ-
ing the valley, whereas in the western and central South part,
the trend is slightly positive. The trends, based in the period
of 1971–2000, indicate a decrease in precipitation of around
3% per decade (IGP, 2005b; Silva et al., 2006). We found
that for rainfall averaged over all stations in the basin, there
is a negative trend in the full rainy season precipitation (−2%
per decade; −1.4%/decade for the full year), which is mostly
due to the negative trend during the peak phase of the rainy
season (−4% per decade), whereas the trend is nearly zero
for the onset phase.
3.3 Relation with ENSO
Previous studies (Lagos et al., 2005; IGP, 2005b) have found
significant negative correlations between the warm phase of
ENSO and precipitations during the peak phase of the rainy
season in the Mantaro basin. This relation is particularly
strong with the Nin˜o 4 index (SST anomaly averaged over
160◦ E–150◦ W, 5◦ S–5◦ N), which indicates an indirect ef-
fect of SST on the Mantaro basin, most likely through atmo-
spheric teleconnections (e.g. Garreaud and Aceituno, 2001).
However, the results presented in this study suggest very
little, if any, ENSO impact on precipitation. The correla-
tion coefficient between the rainy season precipitation aver-
aged over all the stations and the Nin˜o 4 index is only −0.34,
which is not statistically significant. This apparent inconsis-
tency with previous studies has to be related to the periods
under investigation. As seen in Fig. 4, the correlations are
largest in February, in the middle of the peak phase, but are
quite small during the onset phase (September–December)1.
Since the variability in the onset phase is comparable to that
1The correlation of rainfall in the basin with Nin˜o 4 SST is ac-
tually positive in November (Nickl, 2007). This was verified for 34
out of 38 stations.
Fig. 5. Correlation coefficients between precipitation and El Nin˜o
4 SST index for (a) the onset and (b) the peak phases of the rainy
season. Period of analysis 1960–2004.
in the peak phase (the variances in accumulated rainfall are
almost equal), the fact that this variability is uncorrelated
with ENSO (Figs. 4 and 5a) lowers the correlation coeffi-
cient for the full period. That the variability in the onset and
peak phases have similar contributions to that of the entire
rainy seasons can be seen by considering the examples of
the rainy 1983/84 event, during which the peak phase was
rainy, whereas the onset phase was dry, and the case of the
dry 1976/77 event, which was mostly due to the dry onset
phase.
3.4 Relation with the Atlantic Ocean
The rainfall in the Mantaro basin presents significant cor-
relation with the SST in the tropical Atlantic (IGP, 2005b;
Nickl, 2007). It peaks in March (Fig. 4) when the north-
ern (southern) tropical Atlantic is cool (warm). Although
the values for correlation are larger for the southern region
than for the northern region, the largest correlation is reached
when the difference between the southern and the northern
regions is considered (0.48 in March). This suggests that the
meridional SST gradient is more important for influencing
the rainfall in the Mantaro basin than SST variability in either
the Southern or Northern tropical Atlantic. Previous studies
have assessed the importance of this meridional SST dipole
pattern (Moura and Shukla, 1981; Nobre and Shukla, 1996;
Pezzi and Cavalcanti, 2004), but the modeling experiments
reported in Moura and Shukla (1981) and Pezzi and Caval-
canti (2004) do not indicate a robust effect on the Peruvian
Andes. This might be due to a shortcoming in the representa-
tion of the Andes in the models that might be overcome with
the use of higher resolution.
3.5 Relation with the North Atlantic Oscillation
Previous studies have shown some relation between rain-
fall in the Mantaro basin and the North Atlantic Oscillation
(NAO) index (IGP 2005b; Nickl, 2007). We found that the
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correlation is highest during October (−0.35), which might
provide some limited predictability for this important month
for agricultural activities. However, an inspection of the cor-
relation map between sea level pressure (SLP) and the mean
rainfall in the basin (not shown) reveals that this correlation
results only from a relatively high correlation with the SLP
over Greenland and not with the dipolar pattern associated
with NAO. The correlation map is quite featureless and does
not suggest a physical process that might affect the Mantaro
basin, so we believe that the observed correlation might be a
sampling artifact rather than an indication of a physical rela-
tionship.
4 Conclusions
The wet rainy seasons were concentrated mostly in the seven-
ties and in the first half of the eighties, except for the 1993/94
event, which was the largest one. The most recurrent dry
rainy seasons occurred in the second half of the eighties and
during the nineties; and the two strongest and most gener-
alized dry periods occurred in 1989/90 and 1991/92. Dry
periods appear to be becoming more generalized throughout
the basin with time, particularly after 1986. A decreasing
trend in total rainfall in the rainy season of 2% per decade
was found to be due mainly to the stronger trend during the
peak phase (−4%/decade), while the trend was almost zero
for the onset phase.
Previously reported negative correlation between ENSO
(particularly Nin˜o 4 region) and rainfall during the peak of
the rainy season overestimate the potential predictability of
the full rainy season (September–April). This results from
the lack of correlation between ENSO and the significant
rainfall variability in the onset phase of the rainy season
(September–December). Furthermore, there is a lack of cor-
relation between the rain in this phase and SST anywhere in
the Pacific or the Atlantic oceans, suggesting a lack of pre-
dictability (relatively high correlations with the NAO index
appear to be statistical artifacts). Enhanced predictability,
however, might exist near the end of the rainy season, dur-
ing which a significant correlation exists between rainfall in
the basin and the south-north SST difference in the tropical
Atlantic (dipole mode).
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